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LEAD IN HUMAN SCALP HAIR: SOME FACTORS AFFECTING ITS 
VARIABILITY 
L. E. KOPITO M.S., AND H. SHWACHMAN, M.D. 
Department of Clinical Nutrition, Children's Hospital Medical Center, and Department of Pediatrics, Harvard 
Medical School, Boston, Massachusetts 
The accumulation of lead in human scalp hair was compared in male and female children 
and adults from various locations in the United States, Japan, Yugoslavia, Iran, and South 
Africa. The most significant variables which influenced the concentration of lead in hair were 
ingestion of lead-containing substances, exposure to lead of environmental origin, place of 
residence, site from which the hair specimen was sampled relative to its distance from the 
scalp, and age. The least significant variables were sex and some nutritional deficiencies. 
Flesch [1] suggested that hair may serve as a 
major pathway for the detoxification of some heavy 
metals including arsenic, selenium, cadmium, 
thallium, and lead. Arsenic and lead, in particular, 
readily combine with the abundant sylfhydryl 
groups in the follicular proteins and are present in 
hair in concentrations exceeding those found in 
most other body tissues or fluids [2-5]. Because of 
the ready availability of hair and its preferential 
uptake of lead, this tissue has ,found use as an 
indicator of exposure to lead. ' 
Nishiyama [6], Suzuki et al [7], El Dakhakhny 
and El Sadik [8], and Hasegawa et al [9] studied 
industrial workers exposed to lead and found a 
positive correlation between the amount of lead 
accumulated in the individual worker's hair, his 
occupational history, and clinical and laboratory 
fmdings. Using hair as an indicator of children 
exposed to lead, Kopito et al [10,11} and Peuschel 
et al [12] conducted screening studies in a "high 
risk" area in Boston and identified over 100 chil-
dren with an "increased lead burden." Fifty-eight 
of these children were treated for plumbism and 
followed for two years. Exposure to environmental 
lead, as reflected by its accumulation in hair, was 
explored by Hammer et al [13], Klevay [14], and 
Weiss et a] [15]. The latter compared contempo-
rary hair specimens with hair from individuals who 
lived 50 to 100 years ago. 
The present investigation was undertaken to 
study some of the variables which affect the 
accumulation of lead in hair. These include age, 
sex, geographic location, and rate of accumulation 
as expressed by concentration gradients along the 
hair shaft. 
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MATERIALS AND METHODS 
Scalp hair was sampled from children and adults to 
represent diverse environmental conditions ranging from 
residence near a lead smelter in Yugoslavia to a remote 
mountain village in Iran. 
Japan. Seventy-four hair specimens were obtained in 
1968 from Tokyo children attending a kindergarten and a 
"middle-school" and young adults from the Tokyo Uni-
versity. 
South Africa (Capetown). Hair from two groups of 
children was sampled. The first group of 8 girls and 10 
boys, aged 7 months to 10 years, either had or were 
recovering from severe protein-calorie malnutrition. 
Three of these children had rickets. The second group of7 
girls and 7 boys, aged 1 to 8 years, in apparent good 
health, served as controls. 
Iran. Thirty-five hair samples, 7 from males and 28 
from females (including 1 boy and 7 girls under 14 years) 
were obtained from residents of a remote rural area 
relatively free from automotive emissions and industrial 
plants. Some of the women whose hair was sampled 
practiced traditional "clay eating" (geophagia) during 
pregnancy. The clay samples were analyzed for lead and 
were found to contain 7 to 8 l'g Pb per gram of clay. 
Yugoslavia. Hair from two populations was sampled: a 
"high risk" group residing near, or working at, a local 
lead smelter located in the Meza River Valley (30 
specimens) and a control group employed at the Institute 
of Occupational Health in Belgrade (10 specimens). 
Environmental conditions and lead in the soil and 
vegetation surrounding the smelting plant were previ-
ously described by Kerin et al [16 ]. 
United States. Hair specimens were collected and 
analyzed for lead over a 10-year period (1963-1973) from 
various populations and age groups as follows: 
l. One hundred and thirty-four children participating 
in the "Head Start" program in Providence, R. I., were 
surveyed for an "increased lead burden" by hair analysis. 
Nine of the children had elevated lead in blood (over 50 
p.g Pb per 100 ml whole blood). Five children were 
hospitalized and treated for plumbism. 
2. Over 100 hair specimens were collected from chil-
dren, 1 to 16 years of age, attending the out-patient 
clinics or hospitalized at the Children's Hospital Medical 
Center in Boston, Mass. 
3. Adult hair was sampled from staff members, parents 
of hospitalized children, and random individuals residing 
in the Boston area. 
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The hair which was collected by our collaborators 
arrived at the laboratory taped to a card and sealed in a 
polyethylene envelope. The end proximal to the scalp was 
identified by the person obtaining the specimen or 
determined microscopically when such identification was 
missing. 
Sample Preparation 
Whenever possible, the hair was cut into several 
measured segments 10 to 15 mm in length. Excluded 
from this study were specimens weighing less than 10 mg, 
dYed hair, and hair collected without reference to its 
distance from the scalp (such as is obtained during a 
haircut). Short hair was analyzed in a single segment 10 
to 15 mm in length. 
Most of the superficial contaminants and the water· 
soluble minerals and organic substances were removed by 
a reproducible water washing procedure using a timed 
reciprocating mechanical shaker [17]. 
The remaining contaminants including some fatty 
substances were removed by boiling the hair in ion-free 
water to near dryness and eluting the residue (which was 
saved for subsequent analysis). This procedure resulted 
in the removal of the bulk of Na, K, Ca, Cl, and Mg, 
thereby reducing or eliminating potential matrix interfer-
ences during analysis. 
The dry, weighed hair was digested in nitric and 
perchloric acids of high purity at less than 1so•c. No lead 
was lost during this procedure as was verified through the 
addition and full recovery of "'Pb. 
The final fraction, the digested residue, fumed-off .to a 
volume of less than 0.5 ml, was diluted with water and 
analyzed for lead by atomic absorption spectrophotome-
try as previously described [18]. 
Comparison of Random and Systemic Hair Sampling 
Twenty-two girls, aged 4 to 5 years, were selected from 
participants in the "Head Start" program. This group 
represented a relatively homogeneous population of simi-
lar age, sex, socioeconomic background, and place of 
residence. The random sampling technique consisted of 
snipping off about 15 mm of hair from the distal end 
without reference to its distance from the scalp to imitate 
the type of specimen usually obtained during a haircut. 
This method of sampling has been used by several 
investigators. The reproducible sampling technique con-
sisted of cutting hair close to the scalp and measuring a 
segment 15 mm in length taken from the end proximal to 
the scalp_ 
Accumulation of Lead Along the Hair Shaft 
The determination of lead in sequential measured hair 
segments as related to hair growth and time was studied 
in 6 women who had long hair (30-55 em). Their ages 
rf!nged from 14 to 29; all were in apparent good health. 
Five of the women were employed as laboratory techni-
cians and one was a high school student. Subjects #1 to 5 
had lived in the Boston area for at least 5 years prior to 
this study. Subject 1116 had lived in Boston for 8 months, 
in Oxford, Ohio, for 22 months, and in Chicago, Ill., for 
several years prior to the sampling of her hair which 
represented growth periods in each of these locations. 
RESULTS 
Lead in Proximal and Distal Hair Segments 
The comparison of lead in hair close to the scalp 
with that in a random distal segment by pairing 
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specimens from the same individual is summarized 
in Table I. The concentration of lead in the 
proximal segments was significantly lower than 
that in the distal segments (p < 0.001). The mean 
level of lead in all 22 proximal specimens was 
nearly half that of the distal segments ( 40 ± 43 and 
76 ±54 JJ.g Pb/gm, respectively). 
Several subjects accumulated appreciably more 
lead in the most distal hair segments_ For example, 
specimens #5, 7, 9, 12, and 13 showed a 20-fold to 
50-fold increase. Only one specimen, #6, contained 
more lead in the proximal segment than in the 
distal segment (49 and 22 #g Pb/gm of hair, 
respectively)_ Subject #8 presented with an unusu-
ally high concentration of about 200 #g Ph per gm 
of hair in both segments and was suspected of a 
chronic exposure to lead spanning a period of 
several months; this was later confirmed by the 
increased density of the line of provisional calcifi-
cation of the metaphyses of the long bones. 
Accumulation of Lead Along the Hair Shaft 
The rate of accumulation of lead in hair as a 
function of time and geographic location is shown 
in Figure 1. Subjects #1 to 5 who resided in Boston 
from 1963 to 1966, during the entire period repre-
sented by the length of hair available for analysis, 
TABLE I. Lead in the hair of girls 4 to 5 years of age from 
Providence, RI, (in p.g Pb/gm of hair in two segments of 
hair taken from the same individual) 
Hair segment Hair segment 15 mm 
Specimen No. 15 mm long long taken from the taken near tip most distal 
the scalp from the scalp 
20 60 
2 58 156 
3 28 73 
4 57 179 
5 9 43 
6 49 22 
7 25 
8 197 201 
9 2 26 
10 IB 33 
11 20 36 
12 7 141 
13 53 
14 57 67 
15 42 112 
16 103 137 
17 26 31 
18 12 45 
19 37 61 
20 38 39 
21 60 76 
22 33 48 
Mean,S.D_ 40 ± 43 76 ±54 
t = 4.29 (by pairing values from the same individual). 
p < 0_001. 
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FIG. 1. Accumulation of lead in hair of 6 women over a 
period of approximately 32 to 46 months. 
accumulated similar amounts of lead. The values 
ranged from 6 to 10 p.g Ph per gm of hair in the 
proximal segment and 20 to 35 p.g Pb per gm in the 
most distal segments about 33 and 45 em away 
from the scalp. 
Specimen #6, from the woman who had lived in 
Oxford, Ohio, accumulated 2 to 3 times as much 
lead as did the Boston women during the same 
period. The hair that grew during the 8 months of 
her residence in Boston contained less lead, ap-
proaching values commonly found in that area. 
Concentration of Lead in Hair as a Function of 
Sex, Age, Place of Residence, and Growth 
Hair specimens from children residing in Boston, 
Providence, and Tokyo were separated by sex and 
age into three groups (birth to 5, 5~ to 10, and 10~ 
to 16 years of age) as shown in Table II. The group 
mean concentrations of lead in the hair of these 
boys and girls were not statistically significantly 
different for any of the age groups, nor were they 
different on the basis of sex. However, as before, 
the concentration of lead in the segment nearest to 
the scalp was significantly lower for each of the 
groups studied. For example, the Tokyo boys and 
girls had nearly double the amount oflead (36 ± 25 
p.g/gm) in the distal segment as in the segment of 
hair nearest to the scalp (19 ± 16 p.g/gm). 
Lead in the hair of children and adults, males 
and females, proximal and distal segments, from 
Boston, Tokyo, an Iranian village, the Meza Val-
Vol. 64, No.5 
ley, and Belgrade are summarized in Table ill. As 
before, highly significant differences (p < 0.001) 
were observed in the mean accumulation of lead in 
proximal and distal hair segments from children 
and adults from Boston, the Meza Valley, and 
Tokyo, but not from Belgrade and Iran. The 
relatively low concentrations of lead in the hair of 
residents of the last two locations and the similar 
proximal and distal levels suggest that the fraction 
of lead attributed to environmental origin was 
relatively low in both locations. 
Whether the hair of children accumulates more 
lead than the hair of adults has not been com-
pletely resolved in the present study. In the Boston 
area, children's hair contained more lead than 
adult hair (28 ± 23 and 19 ± 20 p.g Pb/gm of hair, 
respectively; p < 0.02). In Tokyo the children's 
hair also accumulated more lead than the adult 
hair (21 ± 17 compared with 14 ± 10 p.g Pb/gm). 
The latter differences were not statistically signifi-
cant. While the Boston adult group ranged in age 
from 17 to 70, the Tokyo "adults" ranged from 16 
to only 24 years. It is possible that alterations in 
the concentration of lead in hair occ11r only at a 
later age. This is suggested by the study of Schro-
eder and Nason [19] who found that females aged 1 
to 30 years accumulated significantly more lead in 
their hair than women 40 to 70 years. Petering et al 
[20] reported that the concentration oflead in male 
hair declined gradually with age from 25 p.g Pb per 
gm of hair at age 2 to 10 p.g Pb per gm at age 85 (p 
< 0.01). Female hair did not follow a similar 
pattern. 
The hair of adult residents of the Meza Valley 
accumulated more than 1.5 times as much lead as 
did the children. This difference, although not 
statistically significant, is attributed primarily to 
the higher exposure of the adults who were associ-
ated with the local lead smelting operation. 
The present observations (Tab. III) indicate no 
sex-related differences in the accumulation of lead 
in hair except, perhaps, in the adult Japanese 
males and females (t = 2.56; p = 0.02) based on a 
sample of 17. 
Variability of Lead in Hair and Geographic 
Locations 
Place of residence appears to be a major determi-
nant of the initial amount of lead in hair and its 
accumulation with time. The graphic presentation 
of the data (Fig. 2) shows the concentration of lead 
plotted for the mid points of two adjacent hair 
segments 0-15 and 15-30 mm distant from the 
scalp. The average growth period for the first 
segment is estimated to be 8 weeks and for the 
second segment 13 weeks. 
The slope of the line connecting the mid point 
lead levels represents the rate of lead accumulation 
along the hair shaft. By subtracting the initial 
concentration of lead in the hair closest to the scalp 
from subsequent levels, an estimate of extraneous 
contributions may be obtained. The highest lead 
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TABLE II. Lood in the hair of children, (in lliJ Pb/gm of hair) in two adjacent segments of hair each 15 mm lang taken 
near the scalp 
Total sample Girls' Age, Years Boys' Age, Years 
All 
Proximal Distal 
segment segment 
Boston, Mass. 
Number 56 36 
Mean 28• 41" 
S.D. 23 32 
Range 1-95 2-228 
Providence, R.I. 
Number 134 100 
Mean 40' 62' 
S.D. 34 51 
Range 1-218 4-293 
Tokyo, Japan 
Number 74 64 
Mean 19< 36' 
S.D. 16 25 
Range 1-65 3-127 
• Segment of hair proximal to tbe scalp . 
• t = 2.74 p < 0.001. 
b t = 5.43 p < 0.001. 
' t = 7.98 p < 0.001. 
0--5 
10 
28 
17 
12-68 
32 
36 
39 
1-197 
20 
20 
20 
1-62 
• by Mann-Whitney "U test"-not significant. 
5-10 
7 
22 
18 
1-52 
29 
47 
46 
1-218 
5 
12 
6 
7-18 
accumulation rate (but not the highest initial 
level) was observed in the residents of the Meza 
River Valley. The concentration of lead in their 
hair increased by a factor of 2.8 over a period of 
approximately 13 weeks. In comparison, the rate of 
lead accumulation in the hair of Boston residents 
was 1.6; in Tokyo residents, 1.9; and in the 
children from Providence, L5. A negative accumu-
lation found in the hair of the Iranian population is 
attributed to a minimal environmental component 
coupled with some ingestion of lead by the women 
with geophagia. The control group from Belgrade 
had the lowest levels of lead in hair and showed 
little or no change over a 13-week period of growth. 
The higher initial concentration of lead in hair in 
the children from Providence is believed to be due 
to the occasional ingestion of lead-based paints by 
about 5 to 7% of the children in this group. A spot 
check of homes of children with elevated lead in 
hair revealed the presence of lead-based paints 
containing 2.3 to 10.3% lead in 3 of 7 houses 
sampled. 
Statistically significant differences (p < 0.001) 
in the concentration of lead in the proximal hair 
segments were observed in comparing the mean 
levels of residents of the following locations: Bos-
ton and Tokyo, Boston and Belgrade, Tokyo and 
Belgrade, Boston and Iran, Tokyo and Iran. Resi-
dents of the Meza Valley of Yugoslavia accumu-
lated significantly more lead in their distal hair 
segments than the other groups in this study. 
All 
10-16 0--5 5-10 10-16 moles 
9 12 11 7 30 
29 27 38" 19" 29 
30 21 30 12 24 
1>-91 4-87 6-95 3-35 3-95 
- 32 41 - 73 
- 36 39 - 38 
- 26 27 - 27 
- 7-116 3-107 - 3-116 
- 21 8 - 38 
- 23 21 - 20 
- 19 16 - 17 
- 1-65 1>-57 - 1-65 
Severe Nutritional Deficiencies and the 
Accumulation of Lead in Hair 
females 
26 
27 
22 
1-91 
61 
41 
42 
1-218 
36 
19 
16 
1-62 
Bradfield et al [21] reported that severe protein 
deprivation caused alteration in hair morphol~gy 
and a striking shift from hair in the anagen (active 
growth) to the telogen {resting) phase. In healthy 
individuals about 66 ± 6% of the hair was in the 
active growth phase, while in patients with maras-
mus only 1% of the hair was actively growing. 
Contrary to expectations [22], no significant 
differences were observed in the accumulation of 
lead in the hair of the healthy South African 
children and those with severe protein-calorie 
malnutrition. The 18 patients with malnutrition 
had a mean hair lead level of37 ± 26 (1-100) l'g per 
gm whereas the 14 controls had 42 ± 24 (17-117) 
l'g ~r gm. It was impossible to determine lead in 
several measured segments to study its accumula-
tion along the hair shaft because only short hair 
was available for analysis. However, previous ob-
servations of metals in hair of American children 
severely malnourished due to congenital or ac-
quired abnormalities showed little variation in the 
concentration of lead (and some other metals) 
along the hair shaft. 
Variability Associated with Sample Preparation 
Techniques 
The sample preparation procedures described 
above play a vital role in the ultimate results. 
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TABLE TIL Concentration of lead in hair (in fJ1! Pb/gm of hair) by residence, sex, and age 
Total sample Hair segments about 15 mm long proximal to scalp 
Proximal Distal Children All Adults Males Females segment segment 16 yr adults Male Female 
Boston, Mass. 
Number 124 42 76 48 56 68 46 22 
Mean 23• 37" 25 20 28" 19" 22 12 
S.D. 22 44 23 20 23 20 22 13 
Range 1-127 2-228 2-127 1-91 1-95 1-127 2-127 1-48 
Tokyo, Japan 
Number 74 64 38 36 57 17 9 8 
Mean 19' 36" 20 19 21 14 9" 20' 
S.D. 16 25 12 16 17 10 6 11 
Range 1-65 3-127 1-65 1-62 1-65 1-43 1-23 8-43 
Meza Valley, Yugoslavia 
Number 30 :J() 14 16 15 15 7 8 
Mean 3()c 81' 36 25 23 37 46 31 
S.D. 29 81 34 24 22 ±35 ±41 30 
Range 1-129* 3-297* 1-129 1-77 2-76 1-129 15-129 1-77 
Belgrade, Yugoslavia 
Number 10 10 5 5 
Mean 3 3 - - - - 6 1 
S.D. 7 6 10 0 
Range 1-23 1-20 1-23 1.0 
Iran village 
Number 35 13 7 28 6 27 1 26 
Mean 12 9 8 9 9 9 9 
S.D. 18 6 4 6 6 6 - 6 
Range 4-20 3-24 4-15 4-20 3-20 3-20 3-20 
• One specimen, containing 1103 and 1160 l'g Pb/gm of hair in the proximal and distal segments, respectively, was 
eliminated because of suspected gross contamination with lead. 
Statistically significant differences in the mean values: 
• t ~ 3.14; p < 0.005 . 
• t ~ 7.14; p < 0.001. 
't ~ 4.48; p < 0.001. 
d t ~ 2.49; p < 0.02. 
• t ~ 2.58; p ~ O.Ql. 
Other methods which employ different hair wash· 
ing and extraction techniques will yield different 
results. For example, Hinners et al [23] have shown 
that prolonged (21 hr) soaking in 1% nitric acid 
extracted 89 ± 2% of the lead present in hair. 
Clarke and Wilson (24] proposed that EDT A 
solutions removed "surface lead contamination" 
more effectively than other methods. 
Since there are no commonly accepted "stan-
dard procedures" for sampling, treating, and ana-
lyzing hair, comparison with absolute values ob-
tained by other investigators is presently difficult, 
if not impossible. 
DISCUSSION 
The present approach of using scalp hair for the 
purpose of assessing exposure to lead is based on 
the systematic sampling of two or more measured 
segments of hair. Lead is believed to enter the 
hair bulb during the short, intense period of mito-
sis, and it may be incorporated into the metaboli-
cally inactive keratinous structure during its rela-
tively long exposure to dirt, dust, sweat, sebum, 
environmental sources, and chemical agents ap-
plied to hair. While it is difficult to differentiate 
between endogenous and exogenous lead in hair, it 
is reasonable to assume that a fraction of the lead 
in the hair close to the scalp is of endogenous origin 
and that the additional accumulation of lead in the 
more distal hair segments is, most likely, due to 
external sources. 
Using single hairs, Renshaw and co-workers [25 J 
observed an increased accumulation of lead along 
the hair shaft similar in magnitude to the values 
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reported here. Both the results of Renshaw et al 
[25] and the present experiments indicate that the 
random sampling of distal hair segments yields 
significantly different values when compared with 
specimens gathered by systematic sampling. Ran-
dom sampling of hair, such as is obtained during a 
haircut or the cutting of distal ends, fails to take 
advantage of much of the data obtainable through 
uniform sampling. In particular, single segment 
analysis provides incomplete information for as-
sessing environmental contributions as a function 
of time and hair growth. This time-related diag-
nostic information may also be lost through im-
proper hair treatment prior to analysis. Hair wash-
ing procedures which employ reagents capable of 
strong and preferential attachment to lead, such as 
EDTA, will remove from hair most of the endoge-
nous and exogenous lead [26]. Prolonged soaking in 
dilute acids may destroy the keratin structures and 
remove nearly all of the lead in hair [23]. In 
contrast, the present procedures are designed to 
keep intact the keratin-bound lead concentration 
gradients along the hair shaft. The two-step 
method of using a mechanically driven shaker to 
remove superficial contaminants in the presence of 
ion-free water is followed by boiling the hair in 
water to dissolve most of the electrolytes, fatty 
acids, and some proteins. The loss of these elec-
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trolytes enhances the quality of the instrumental 
analysis by eliminating potential interferents. 
Barring unusual circumstances such as the 
ingestion of lead-containing substances or indus-
trial exposures, the rate of "normal" lead accumu-
lation in hair is typical for various geographic 
locations. A departure from the expected pattern of 
accumulation, for example, more lead in the seg-
ment of hair closest to the scalp than in the more 
distal segments, may indicate a recent ingestion. 
Striking differences in two adjacent segments of 
hair are contrary to the anticipated gradual accu-
mulation of this metal in the same geographic 
location md may relate to a previous ingestion or 
to an unusual environmental exposure. Self-com-
parison by multisegment analysis for abrupt 
changes in the lead concentration along the hair 
shaft emphasizes differences in lead concentration 
in the hair of a single individual rather than 
absolute levels or comparative values. These pat-
terns of lead accumulation in hair have been 
previously used by us for reconstructing the pa-
tient's history of lead ingestion and in estimating 
the time, duration, and severity of the insult 
[10,11]. For these purposes, hair has been found to 
be a valuable "dosimeter." 
While some factors which affect the concentra-
tion of lead in hair have been recognized, some 
remain to be resolved or explained. The latter 
include variations due to sex and age. At present, 
the selection of carefully matched controls offers 
the most reliable means for identifying individuals 
with an "increased lead burden," and "high risk 
areas." 
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